Leaves from Pandanus amaryllifolius Roxb., known as pandan leaves, are used as natural colorants, natural flavor, and herbal medicine in Indonesia. These leaves are sources of natural colorants, which are mostly of carotenoid origin. In addition, carotenoids can act as precursors of several aroma impact compounds such as norisoprenoids. The research objective of this study was to determine carotenoids by reversed phase high performance liquid chromatography photo diode array and to determine norisoprenoids by Head Space Solid Phase Micro Extraction Gas Chromatography Mass Spectrophotometry (HS-SPME GC-MS) with the aim to promote pandan leaves as potential natural flavor and natural colorants. β-carotene and lutein were found as major carotenoids in pandan leaves. Three different norisoprenoids (α-ionone, β-ionone, and β-cyclocitral) were identified in pandan leaves along with their carotenoid precursors (α-carotene and β-carotene).
INTRODUCTION
In Indonesia, people are familiar with using several herbal leaves for special purposes especially for condiments to act as natural colorants or natural flavors to improve color and flavors in food, for example, pandan leaves. The plants grow in clumps, at the edge the leaves are thin and sharp and the form resembles sword, they also have fragrant odor. Pandan leaves are also used for flavoring ordinary non-aromatic rice to imitate the more expensive aromatic Basmati and Jasmine rice. [1] These leaves are often called "Vanilla of the East," due to their special vanilla-like flavor. [2] Pandan leaves, like other green leafy vegetables, are known for their antioxidant activity which is of interest for food and nutraceutical applications. [3, 4] As a traditional herb, these leaves are generally used for traditional medicine especially to treat typhus infection in Indonesia. [5] One bioactive protein that isolated from pandan leaves is called Pandanin. [6] Pandanin has potential antiviral activities against human viruses, for example, herpes simplex virus type 1 (HSV-1) and influenza virus (H1N1). [6] The antimicrobial effect of pandan leaves was investigated on the preservation of stored milk and 4 mm I.D., 5 μm; from Advanced Chromatography Technologies, UK). A gradient solvent system consisting of acetone (A) and H 2 O (B) was employed: a mixture of 75% A and 25% B was used initially, and then the mixing was programmed linearly to 95% A within 20 min and linearly to 100% A at 21 min. The flow rate was 0.5 mL/min and wavelength was scanned between 350 and 550 nm. The HPLC Instrument (Accela, Thermo) was equipped with a quaternary gradient and photo diode array detector. All experiments were performed in triplicate. Quantification was performed at 450 nm. Quantification of β-carotene was performed by β-carotene external standard. For all other carotenoids, semi quantitative determination was performed by setting the obtained peak areas into the calibration set of β-carotene. [21, 22] Free Volatile Analysis in Pandan Leaves by HS-SPME GC-MS One gram of pandan leaves was grounded by a mortar and placed in 4 mL screw top vials (15 × 45 mm) with PTFE silicon septa. An equilibration time of 10 min was selected. [23] Sixty-five μm Polydimethylsiloxane/Divinylbenzene (PDMS/DVB) fiber of 1 cm was selected for analysis of free volatiles (Supelco, Bellefonte, PA, USA). The fiber was conditioned as per manufacturer's guidelines, where for 65 μm PDMS/DVB, the conditioning temperature is 250 • C for 0.5 h. After conditioning the fiber, it was then exposed to the headspace of the sample in a 4 mL vial at 80 • C for 35 min. SPME fibers were desorbed in the injector port for 10 min. The free volatile compounds were analysed by gas chromatography mass spectrometry (GC-MS) using the following temperature program: initial temperature 50 • C, maintained for 3 min, ramped to 190 • C at 51 • C/min, ramped to 240 • C at 40 • C/min, and held for 3 min. The mass scan range was set to m/z 50-300 at a scan rate of 848.51 scan/s. Helium was used as carrier gas at a constant flow rate of 1.7 mL/min. The GC-MS instrument is composed to TRACE GC Ultra 2000 version 1.4 SR1 (Thermo Corporation, Austria) coupled with mass spectrometric detector equipped with capillary HP-5 Column (Agilent USA, 30 m, 0.25 mm id., 0.25 μm film thickness). The chromatogram was evaluated by Excalibur Software Version 1.4 (Thermo) and mass spectra were composed with NIST-Library version 2005. All experiments were performed in triplicate.
The identification of volatile compounds was based on comparison of the Kovats Index (KI) of a series of n-alkane (C7-C40) with those reported in the literature and on comparison of the mass spectra of each component with mass spectral library (NIST 2005. National Institute of Standards and Technology, Gaithersburg, MD, USA). When mass spectral libraries were used, the compound were accepted if relative similarity index (RSI) above 850. [24] Quantification of volatile compounds was performed with respect to the internal standards (ethyl-n-decanoate). The results are expressed as ratio of the response of each compound to the response of internal standard. [25, 26] 
Statistical Reference
All data are presented as group mean values ± standard error of the means of three different determinations.
RESULTS AND DISCUSSION

Carotenoids as Norisoprenoid Precursors in Pandan Leaves
Carotenoids extraction was carried out by using selected solvents. During the extraction, solvent will penetrate to the leave matrix and dissolve both carotenes and xanthopylls efficiently. [27] After the extraction the RP-HPLC PDA analysis was performed for carotenoids determination. Several carotenoids in pandan leave extracts were identified by comparison with retention time and arbsorption spectrum. [28] Several minor carotenoids were identified including violaxanthin, neoxanthin, lutein, lutein epoxide, α-carotene and zeaxanthin in carotenoids extract from pandan leaves ( Fig. 1 ). In plants, carotenoids are located in chloroplasts with the xanthophylls unesterified, carotenoids of green vegetables, leafy and non-leafy, have the same qualitative pattern and relative proportions, with lutein, β-carotene, violaxanthin, and neoxanthin as the principle of carotenoids. [29] Small amount of carotenoids may be detectable namely α-carotene, zeaxanthin, lutein 5,6-epoxide, antheraxanthin in green plant tissues. [30] Table 1 shows information regarding retention time, absorption maxima, and semi quantification of the carotenoids found in pandan leaves. The absorbance maxima observed were compared to several published data. Although absorption maxima vary according to the solvent used spectrum might not show exactly the solvent absorption maxima, but by the interpretation the absorbance spectrum in combination with elution behavior HPLC, a positive identification can be performed. [31] β-Carotene and lutein were found as major carotenoids in HPLC chromatogram (Fig. 1 ). The major carotenoids content of pandan leaves consisted of 1.52 ± 0.56 mg/kg dry weight (DW) of lutein and 1.58 ± 0.21 mg/kg DW of β-carotene, respectively (Table 1) . These two carotenoids are commonly found as major carotenoids in green leafy vegetables. [3] In several leafy vegetables, lutein content is almost equal to or lower that of β-carotene. [29] Lutein is one class of carotenoids which has important roles for eyes health besides its function as cancer chemo preventive compounds and its antioxidant activity. [32] In addition to this function, β-carotene is of course an essential nutrition due to its provitamin A function. [33] Carotenoids in pandan leaves have a similar pattern to other The three peaks correspond to the three absorbance maxima for each carotenoid absorbance in acetone. [28] herbal leaves. Neoxanthin, violaxanthin, α-carotene, β-carotene, lutein, and zeaxanthin have been found also in several sources of herbal leaves, for example, kaffir lime, curry, anise, basil, and laksa leaves. [3] 
Norisoprenoids in Pandan Leaves
The free volatiles in pandan leaves were investigated by HS-SPME GC-MS. Three norisoprenoids were derived from carotenoids as precursors. [14] Their composition is presented in Fig. 2 . Methods for volatile analysis are dependent on the common principle of release of volatiles in samples at elevated temperature and time. The optimum condition of extraction of acetyl pyroline in pandan leaves were optimized at 80 • C approximately for 35 min. [23] The higher temperature of incubation will cause a premature desorption of analytes from the fiber or formation of new compounds. [34] Several d Results expressed as the peak ratio of the compound against the IS; percent averaged GC peak area ratio (n = 3). [25, 26] norisoprenoids were identified in pandan leaves, such as, α-ionone, β-ionone, and β-cyclocitral (Table 2) . These three norisoprenoids are also found in orange juice, where they contribute a floral note. [31] β-Ionone is generally described as floral and violet-like and has been reported as one of the most odor active volatiles in orange juice. [31] Although several carotenoids were identified in pandan leaves extract, only α-carotene and βcarotene possess the structural requirements to produce the norisoprenoids identified in this study. Carotenoids with the correct structural features to act as norisoprenoids precursors include αcarotene and β-carotene. The same norisoprenoids observed in this study have also been reported in other food systems containing several carotenoids. [31] β-Cyclocitral can be formed from oxidative cleavage of the double bond between C7-C8 of αand β-carotene. [31] One of the biological functions described for β-cyclocitral is its effect on the lysis of cyanobacteria in natural environment. [35, 36] This compound has a threshold 5 ppb in water. [37] The incubation of β-carotene with carotenoid cleavage enzymes in citrus fruits has produced β-cyclocitral as enzymatic reaction product. [38] This result showed that the carotenoid cleavage enzyme in citrus fruit has the ability to cleave C7-C8 or C7'-C8' double bound of β-carotene to produce C10 compound which is β-cyclocitral. [39] β-Cyclocitral has been found also in Pu-erh tea as a one of major norisoprenoids compound with fruity like aroma characterization. [40] In similar fashion, β-ionone as one of major norisoprenoids in pandan leaves can be derived from β-carotene by oxidative cleavage of the double bond between C9-C10 and between C9 -C10 of β-carotene. Dietary intake of β-ionone has been shown to inhibit the carcinogenic effect by the inhibition of cell proliferation and apoptosis initiation in vivo. [41] β-Ionone has potential antioxidant effect in vivo as well. [42] Significant decrease in lipid peroxidation was investigated in tumor-induced rats treated with dietary β-ionone. [42] The incubation of β-carotene with carotenoid cleavage enzymes in several plants produced βionone as enzymatic reaction product. [16, 43, 44] These results are in agreement with previous studies which showed carotenoid cleavage enzyme in citrus fruit has the ability to cleave C9-C10 or C9'-C10' double bound of β-carotene to produce C13 norisoprenoid, β-ionone. Substrate promiscuity have been investigated in rose and seaweed where the carotenoid cleavage enzyme from these plants have an ability also to cleave other carotenoid substrates, β-apo-8'-apocarotenal to produce β-ionone as enzymatic reaction products as enzymatic reaction product. [45, 46] These results showed that the carotenoid cleavage enzymes in citrus fruit have the ability to cleave C9-C10 double bound of β-8'apocarotenal to produce C13 norisoprenoid, β-ionone. Thermal oxidation of β-carotene to produce β-ionone as one of major volatile compound was observed in sea buckthorne wine model. [15] α-Ionone was identified also in pandan leaves. Although there are several possible precursors for α-ionone, α-ionone can only be directly formed from the oxidative cleavage of the double bond between C9'-C10' of α-carotene. [14, 31] Similar to β-ionone, the α-ionone is an interesting fragrance compound. α-Ionone is aroma impact compound in several plants, for example, rasperberry, osmanthus flower, and tomato. [47−49] The incubation of α-carotene with carotenoid cleavage enzymes in osmanthus flower has produced α-ionone as enzymatic reaction products. [47] This result showed that the carotenoid cleavage enzymes in citrus fruit have the ability to cleave C9'-C10' double bound of α-carotene to produce C13 norisoprenoid, α-ionone. [47] Norisoprenoids were identified as carotenoids degradation in pandan leaves. Several volatiles from other precursors were also identified in pandan leaves by HS-SPME GC-MS. Several fatty acid derived compounds, such as, 2-hexenal, nonanal, tetradecanal, and tridecanal, were also found in pandan leaves ( Table 2 ). Saturated and unsaturated volatile C6 and C9 aldehydes and alcohols are important contributors to the characteristic of flavors in several fruits, vegetables, and also green leaves. [50] These compounds are commonly used as flavor additives because of their fresh green odor. [50] Several lipid oxidation products, such as 2-hexenal, has a flavor characteristic of green, apple, grassy odor, and nonanal has a floral, soapy and citrus-like odor. [23] These compounds can be formed by the act of thermal of enzymatic lipid oxidation. [23] For example, 2-hexenal can be formed by the act of lipoxygenases and also hydroperoxide lyase to the fatty acid substrate, for example, linolenic acid. [51] Several aromatic compounds containing furan rings can be also derived from carbohydrate precursors. [50] Carbohydrate derived aroma compounds such as 2-pentyl-furan and cis-2,2-pentylfuran were found in pandan leaves ( Table 2 ). 2-Acetyl-pyroline was also identified in pandan leaves ( Table 2 ). This compound is a popcorn-like flavor compound, roast, and pleasant odor. [52] This compound was found in cocoa fermentation, baked products, and several aromatic rices. [52] The odor threshold of 2-acetyl-pyroline in water is extremely low 0.1 ppb. [53] The formation of 2-acetylpyroline in aromatic rice was formed at the temperature below that of thermal generation in bread baking, and formed in the aerial part of aromatic rice from L-proline as nitrogen source. [52] CONCLUSION In this study, several norisoprenoids (α-ionone, β-ionone and β-cyclocitral) and their carotenoids precursors (α-carotene and β-carotene) were identified in pandan leaves. These norisoprenoids, due to their low odor threshold, act as aroma impact compounds and contribute to the flavor which makes pandan leaves are interesting as food ingredient. [50] This findings highlighted the function of pandan leaves as natural colorants and flavoring ingredients. Knowing the interaction between colorant and flavor properties is a pre-requisite to use these natural ingredient to replace synthetic colorants. With the double function of pandan leaves as natural colorants and natural flavor in foods, it is likely that pandan leaves with their abundance and easy to cultivate can become a good source of natural ingredients in foods with the economic and healthy benefits.
